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In this work, the researcher aims at creating a system for dynamically 
allocating assets in a simulated environment where for example a risk adverse 
investor faces transaction cost with asset dependent returns. This system helps the 
investor to maximize his expected utility over a particular time frame. The system is 
based on a practical model which uses an innovative version of the three stages 
stochastic programming to cope with uncertainty of the market. This model deviates 
from the mathematical standard on the topic of asset allocation in business 
transactions, but reaches to the same result and justifies the intuition of practitioners. 
The system captures the reality of the market transactions. To prove its power, the 
researcher has created a small application to implement the three stages stochastic 
model using GAMS and the researcher has connected four independent exercises by 
changing the transaction cost, risk alertness, length of time used and goals in a 
dynamic simulated environment. In all the exercises the transaction costs are 
presented as it is in the real market. The results will then be compared with those from 
other academic works that have used different settings. They are in line with major 
theories and other practical applications. This model captures very well the reality of 
market transactions and also has a practical application. The results are tested for 
robustness. This system based on an innovative three staged stochastic programming 
works and turns to be a reliable tool to the investor. 
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 Academics build mathematical models based on many assumptions. Some of 
these models cannot be applied and might fail to explain reality because of the unrealistic 
assumption such as efficient market hypothesis, the lack of transaction cost, and the existence of 
only one risky asset with risky free asset and so on. With these strict assumptions, models may 
mislead the investor. This justifies the reaction of the practitioner who prefers to go by 
unjustified intuition and experience. This creates a gap between the technicians and the 
fundamentalists. The aim of this research work is to break the gap between the practitioner and 
the academics. I propose a practical system with a model which captures both the reality of the 
market and justify the intuition of the experienced practitioner. The system is to be implemented 
in GAMS language using a very little computational power. This system is to request from the 
user at running time the transaction cost, the length of the investment and the target to be reached 
which is fed into the three stages of stochastic version of the model giving visible results. The 
researcher has tested the results generated from our model which are in line with the conclusion 
of existing theory. With a very little computational power, the researcher is able to generate 
almost instantly a different asset allocation for different market conditions and investor 
preferences. The researcher has provided the individual investor with the model based on the 




















Chapter I Introduction 
 
 The progress made in computational power and the readily available information 
on the right format has helped the growth of the number of traders and investors. However the 
computation power is just a tool, in order to be successful, the investor must rely on the quality 
of his model to capture the reality of the market. He uses the computer only as a device of fast 
implementation. Asset allocation is one of the main types of investment in the financial market. 
This research work will attempt to introduce a new system with a practical model for asset 
allocation in a dynamic market. The system will include a multi stage stochastic based model 
dealing with the market in presence of transaction cost and asset dependent return. 
The growing interest in investment has led to the need for customized investment 
strategies. They assume the market to be efficient and willing to invest into index funds or other 
financial instruments. This required less effort from the investor as he trusts the prices listed on 
the market. The second type of investor is the active trader. Here, the investor does not 
completely rely on the market but on his strategy, he does the analysis of the performance and 
the valuation of financial instruments considered for investment and based on his result and his 
investment requirement. He then designs a portfolio which meets his needs.  
Asset allocation or portfolio construction is a major decision for an investor. It aims to 
balance risk and reward by apportioning assets to a portfolio according to the individual's goals, 
risk tolerance and investment horizon. The major classes of assets are stocks, bonds and cash. 
Each one of them is influenced differently by the market factors. In practice these classes of 
assets are subdivided into subclasses. The selection of an individual instrument is a low level 
decision with a small impact on the portfolio performance. For these reasons when assigning 
weights to asset classes one should consider all possible financial aspects and choose only among 
the main class of assets. This is respected in the model the researcher developed in this research 
work. 
In a paper Portfolio selection published in 1952, Harry Markowitz developed procedure 
for static portfolio optimization. This is considered as the backbone of modern portfolio theory. 
















understanding of the market better. The major drawbacks of the Markowitz model are the use of 
variance as a measure of risk, the lack of adjustment to a changing market and the ignorance of 
the third and the fourth moments. The limitations of the static model have been studied by 
academics to create better theoretical models. 
 Dynamic portfolio choice was introduced by Merton R.C(1969). He observed the 
changing means and variances over time to respond to the change in economic conditions. The 
investment strategies should be designed to protect against these fluctuations and if possible take 
advantage of them. Dynamic asset selection can be seen as a financial optimization problem 
under uncertainty. Here the investor wants to maximize his return or expected utility for a given 
risk and or minimize the risk for a given return.  
In real life an investor’s goals, constraints and preferences are subject to change due to 
the release of new information. So it is very less likely for an investor to maintain the same mix 
of assets for the whole time horizon regardless of the change in the market conditions. For these 
reasons dynamic models fit the practical cases of optimal investment. The time horizon is usually 
divided in periods. At the end of each period the mix of assets is evaluated to see if it fits the 
preferences and the constraints of the investor and the market’s condition if not reallocation of 
asset happens. To capture the risk tolerance and the satisfaction of the investor, we need to 
consider his current wealth, future wealth, financial goals, and some of the other preferences. 
This is well modeled by a utility function. The risk tolerance of an investor can be categorized as 
risk lover, risk neutral or risk averse. And the created system takes into account the investor 
preferences, the market condition and the investor risk alertness. 
This research work describes and constructs a system to build dynamic portfolio for an 
individual investor in the presence of transaction cost and serially dependent financial instrument 
return. In dynamic asset allocation with uncertainty, we have few model options available to us. 
We have dynamic stochastic programming and multi stage stochastic programming to name a 
few. It is preferable to choose and innovate the multi-stage stochastic programming over the 
dynamic stochastic programming due to the presence of transaction cost and serially dependent 
















This research will be organized as follows: chapter two will review some important 
publications and literature on the area of dynamic asset allocation and portfolio selection for the 
model. Chapter three describes the methodology, some important concepts and set the model to 
be used in the last section. In chapter four, the researcher will implement our system in a 




















Chapter II Literature 
 
The growth investment opportunities have given room to the need for customized 
investment system. Some of the investment systems are based on strong mathematic model 
which cannot capture the market or justify the intuition. Here we propose to the investor with 
reliable tool. This part will elaborate the evolution of the model of our system. 
Financial allocation of scares resources are generally optimization problems. It can be 
about minimizing risk or maximizing utility or return for a given level of risk. The financial 
market is the scene of interaction for many economic factors such as inflation, unemployment 
rate and asymmetric information. Their interaction creates uncertainty and prevents us from 
predicting the return of financial instrument such as stocks or bonds. Due to the dynamic aspect 
of the market we required dynamic model which will cope with the presence of uncertainty. 
Under the strategic asset allocation, individual investor or enterprise have specific target .They 
use dynamic asset allocation to adjust the mixed asset in order to meet the investment goal, the 
implementation of this method can be found in Blake et al. (1999). However, dynamic asset 
allocation can be used to take advantage of the market. This strategy is known as tactical asset 
allocation. Here the portfolio manager may have a fixed target but be willing to deviate from it to 
take advantage of the market and make some extra profit.  
When considering an investment valuation is an important factor and it is commonly 
done using a utility function Mossin J. (1968) works on optimal multi-period investment with 
objective maximization of expected utility. He values the wealth of the investor at the end of 
every myopic period with utility function to see if any re-mix is necessary. He noticed that in a 
multi-period investment problem, the investor must consider and optimize only the current 
period as its return is independent of what has come before and what will be next. In addition he 
observed that asset with serially independent return (are well valued by power utility function) 
and those with general return distribution such as normal distribution (are well valued by 
logarithmic utility function) are completely myopic. In opposition to Mossin J. (1968), 
Hakansson N.H (1971) notices that with Hyperbolic absolute risk aversion (HARA) there is no 
















teeing. To convert a multi-period investment into a multi-myopic investment, there must be a 
correspondence between the distribution of asset return and the utility function used to value the 
investment at the end of the period. For example HARA utility function proved to work well 
with serial dependent return asset. It can be considered for serial independent asset returns only 
in absence of borrow and sure teeing which is not realistic. The power utility function dwells 
well with serially independent asset return. In a broad manner the logarithm utility function 
works well for both dependent and independent asset return. However with the growth in 
computer power and progress made in stochastic programming algorithm, it is easy to financially 
optimize investment problem with various combinations of different types of utility function and 
asset return distribution.  
The existence of market friction such as transaction cost tends to influence investment 
decisions. We can distinguish two types of transaction costs: fixed transaction cost and 
proportional transaction. Proportional transactions are representative of the amount invested into 
the risky assets in contrast to the fixed which are independent of the amount. Zakamouline V.I 
(2002) studies the optimal portfolio of an investor facing both fixed cost and proportional cost in 
a continuous environment. In his result he found that the existence of transaction cost causes the 
existence of three distinct portfolio regions namely: the buy, the sell and the non-transaction 
region. In the buy region risky assets are bought until target is reached in contrast to the sell 
region where they are sold. Before him Constantinides G.M (1986) and Davis M.H.A., and A.R. 
Norman (1990) show the existence of a non-tradable interval for a multi period risky investment 
in continuous time. But Lui J. (2004) was the first to provide analytical characteristics of the no 
trade region for an investment in multi risky asset with independent return. Despite this intensive 
work on the relation between transaction cost and asset allocation. A clear answer is yet to be 
found. 
One of the key decisions in investment is the duration of the investment namely the time 
frame. The length of the time does influence the composition of the portfolio. Siegel J. (2002) 
notices that in long run the stock grows faster than fixed return assets but in short period of time 
the profit accumulated can turn into loss due to higher risk. The existence of low risk in fixed 
return financial instrument makes them ideal for short run investment. The right combination of 
















studies the relationship with time against the portfolio allocation and performance and they 
found that it is correlated. Gerd I. (2003) notices that “Practitioners tend to recommend a larger 
allocation towards stocks as the investment period increases. This is often argued under the name 
of “time diversification”. This is based on the argument that if stocks are distributed 
independently and identically in each time period according to a log normal distribution, the 
distribution over many periods as the product of log normal is also log normal and the mean and 
the variance of the logarithm of the return distribution grows proportionately with the length of 
the investment period.”In opposition with the practitioners Samuelson P.(1969) with a recurrence 
backward dynamic programming proved that the distribution return of risky asset is independent 
and identical for every period. With respect to consumption and the expected utility, the investor 
is advised to invest the same amount of wealth into stock at every period unrelated to his wealth. 
In the same line Merton R.C (1969) elaborated the same theory but this time for continuous 
cases. The time frame seems to be function of many others factors such as the ability to generate 
periodic income, personal wealth and liability. 
To dynamically allocate asset, two powerful stochastic algorithms can be used: stochastic 
programming and stochastic control. They proved practical success and efficiency at allocating 
asset while considering various utility functions, length of time, investor preferences, market 
uncertainty and any change made on them throughout the investment period. Despite being 
closed in principle, these two methods present different features. 
Stochastic control or stochastic dynamic programming is an extension of Bellman R. 
(1957) dynamic programming principles. This method is compatible with the HARA type of 
utility function and less with the others. For the general looking utility function, monotonic 
increasing and concave there is not clear solution. One of the drawbacks of the original model is 
the limited size of state variables. It is meant to be between 1 and 4 states variable to avoid 
complexity and guaranty solvability. However De Farias  D.P. and  Van Roy B (2003), presented 
an extended version of the model which supports large number of state variables but the 
efficiency and accuracy of this new version of the method is yet to be proved to academic and 
practitioner. Dynamic Stochastic programming is an efficient way to find optimal allocation of 
asset provided that the transactions costs are excluded and the asset returns are serially 
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